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JPS63-011575 
Specification 

1. Title of the Invention 

PRODUCTION METHOD OF ALUMINUM NITRIDE SINTERED 

BODY 

2. Claims 

1. A production method of an aluminum nitride sintered body, 
comprising: sintering an aluminum nitride formed body obtainied by 
blending with 0.01 to 10% by weight in total of sulfides and/or thiocyanates 
of at least one kind of elements selected from Group lA elements (except H), 
Group IIA elements. Group IIIA elements (including lanthanides and 
actinides), Cu, Ag, and Zn. 

2. The production method of an aJuminum nitride sintered body 
according to claim 1, wherein the sulfides and/or thiocyanates are sulfides 
and/or thiocyanates of Group IIA elements. 

3. The production method of an aluminum nitride sintered body 
according to claim 1 or 2, wherein the sulfides and/or thiocyanates are 
blended in an amount of 0,1 to 5% by weight in total. 

3. Detailed Description of the Invention 
[Field of the Invention] 

The present invention relates to a production method of an 
aluminum nitride sintered body with high thermal conductivity. 
[Prior Art] 

An aluminum nitride sintered body has been supposed to have a 
high thermal conductivity theoretically; however, an aluminum nitride 



f 



powder is generally difficult to be sintered. Therefore, a variety of 
sintering aids for obtaining aluminum nitride sintered bodies with high 
density and high thermal conductivity have been proposed. 

Representative examples are CaO, SrO, BaO, Y2O3, or carbonate and 
nitrates to easily be those oxides at the time of sintering. However, even 
when such oxide-based sintering aids are employed, depending on common 
sintering methods, aluminum nitride sintered bodies generally having 
thermal conductivity of only about 60 W/mK are obtained. In the case of 
using an oxide-based sintering aid so as to obtain aluminum nitride sintered 
bodies with further improved thermal conductivity, it is needed to use a 
special aluminum nitride powder or a second sintering aid in combination or 
to employ a special sintering method. 

In addition to the oxide-based sintering aids, carbon, carbides, 
acetylides, nitrides, halides and hydrides have been proposed. However, 
many of these sintering aids are problematic in preparation, handling and 
safety property and, similarly to the case of the oxide-based sintering aids, 
they are accompanied with limitations in the option of raw material 
aluminum nitride powders and sintering conditions. 
[Problems to be Solved by the Invention] 

As described above, in consideration of the situation that a sintering 
method of an aluminum nitride powder by using conventionally widely 
employed oxide-based sintering aids such as those derived from oxides, 
carbonates, nitrates and the like cannot easily provide an aluminum nitride 
sintered body with suflHciently high thermal conductivity, an object of the 
present invention is to provide a production method of an aluminum nitride 



sintered body having high thermal conductivity by emplo3dng sintering aids 
that are innovative, easy to prepare, handle and use and excellent in safety 
property. 

[Means for Solving the Problems] 

Accordingly, a production method of an aluminum nitride sintered 
body, comprises: sintering an aluminum nitride formed body obtained by 
blending with 0.01 to 10% by weight in total of siilfides and/or thiocyanates 
of at least one kind of elements selected from Group lA elements (except H), 
Group IIA elements. Group IIIA elements (including lanthanides and 
actinides), Cu, Ag, and Zn. 

Hereinafter, the present invention will be described in detail. 

With respect to the purity and particle size of a raw material 
alumiTumi nitride powder, any powder commonly used in this field can be 
used without limitations; however, it is preferable to use powders with 
purity of 95% or more and an average particle size of 4 ^m or less. With 
respect to an aluminum nitride powder for producing a high density 
aluminum nitride sintered body, the degree of the content of Si and oxygen 
attributed to contamination as impurities or oxidation of particle surface 
becomes an issue. In the present invention also, it is desirable that such Si 
content and O content in a raw material aluminum nitride powder are less; 
however, the present invention is not limited thereto and, for example, an 
alimiinum nitride powder having oxygen content of 2% or more may be 
employed and this point is also an advantage of the present invention. 

As sintering aids, sulfides and/or thiocyanates of one or more 
elements selected from Group lA elements (except H), Group IIA elements. 



Group IIIA elements (including lanthanides and actinides), Cu, Ag, and Zn 
are employed. 

The metal elements composing sulfides and thiocyanates are 
preferably Li, Na, K, Mg, Ca, Sr, Ba, Al, Y, La, Ce, Cu, Ag, and Zn fi:'om a 
viewpoint of practical use. Sulfides and/or thiocyanates of Group IIA 
elements, especially Mg, Ca, Sr, and Ba among them, are desirable fi"om a 
viewpoint of attainment of high thermal conductivity. Generally, one kind 
of these sulfides and thiocyanates is used and two or more kinds of them 
may be used. Further, within the scope of the object and the effect of the 
present invention, sintering aids other than sulfides and thiocyanates may 
be used in combination. 

The content in total of the above-mentioned sulfides and/or 
thiocyanates as sintering aids is 0.01 to 10% by weight on the basis of 
interpolation in the weight of an aluminum nitride powder. When the 
blend amount of the sintering aids is less than 0.01%, the effect of the 
sintering aids cannot be sufficiently exhibited and when it exceeds 10%, the 
sintering is adversely inhibited or the characteristics of such as the thermal 
conductivity are deteriorated. According to the results of experiments, the 
blend amount is particularly preferable to be 0.1 to 5% by weight. 

An aluminum nitride powder blended with a predetermined amount 
of sintering aids is formed into a desired shape as it is or as being added 
with an appropriate forming binder by a cold press, rubber press, or doctor 
blade formation method. The resulting formed body is subjected to 
sintering under isostatic pressure or sintering under uniaxial pressure 
(so-called hot press sintering). In the case of sintering under isostatic 
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pressure, a common sintering method for carrying out sintering in about 
atmospheric pressure or in reduced pressure including vacuum can be 
simply employed and, for example, a sintering method under isostatic 
pressure of 2 to 500 atmospheric presstire, especially preferably 5 to 100 
atmospheric pressure, and a method, so-called hydroisostatic pressure 
sintering method, under further higher pressure of 1000 to 2000 
atmospheric pressure may be employed. Non-oxidizing atmosphere of 
nitrogen, hydrogen or the like may be employed as the ambient atmosphere 
at the time of sintering and although it depends on the sintering method, 
the sintering temperature is generally 1500 to 2100°C. 
[Operations and EflFects] 

Accordingly, while in the case of a conventional method for carrying 
out common sintering using oxide-based sintering aids, the thermal 
conductivity of the obtained aluminum nitride sintered body is at highest 
about 60 W/mK, in the case of the present invention, a sintered body 
obtained by common sintering is provided with thermal conductivity as high 
as, for example, 90 to 130 W/mK and also with a high density. Further, by 
a hot-press sintering method, it is possible to provide thermal conductivity 
as further high as 180 W/mK 

The reason why it is possible to obtain an aluminum nitride sintered 
body having such high thermal conductivity by the method is supposed to be 
as follows. That is, the above-mentioned sintering aids to be employed in 
the present invention are free from oxygen in their molecules except oxygen 
contaminating in form of impurities or attendant on crystal water and, 
accordingly, they are not converted simply into oxides. On the other hand, 
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conventionally known oxides, carbonates, nitrates, and sulfates of such as 
CaS04 exemplified in Japanese Unexamined Patent Publication No. 
50-23411 are all converted easily into stable oxides by firing and remain in 
resulting sintered bodies. Such oxides are effective as sintering aids for aia 
aluminum nitride powder, which is hard to be sintered, and simvJtaneously 
result in the existence of oxygen in grain boundary phases to inhibit 
improvement of the thermal conductivity. On the contrary, the 
above-mentioned sulfide and thiocyanates, similarly to O, S, exists stably as 
a divalent anionic element and works as a reducing agent to oxygen and 
form bonds with oxygen components derived fi:'om a raw material aluminum 
nitride powder, sintering aids, the ambient gas and the like to remove the 
oxygen components to the outside. Accordingly, it is supposed that sulfiir 
derived form the sintering aids suppresses or prevents the existence of 
oxygen in grain boundary phases that inhibits improvement of the thermal 
conductivity of aluminum nitride sintered bodies. Moreover, as compared 
with acetylides, hydrides or carbon, they are excellent in preparation, 
handling and safety properties. 

According to a production method of the present invention, 
aluminum nitride sintered bodies having high density and high strength as 
well as high thermal conductivity can be readily and easily obtained and 
many of the aluminum nitride sintered bodies have light transmitting 
property as well. 
[Examples] 

Hereinafter, the present invention will be practically described by 
way of examples; however, it is not intended that the present invention be 



limited to these examples. 
Example 1 

Tb an aluminum nitride powder with an average particle diameter of 
1.5 |im and an oxygen content of 2.5%, were added predetermined parts by 
weight of a variety of kinds of sulfides as shown in Table 1 to obtain 
mixtures each in 100 parts by weight in totgj. Each of the resulting 
mixtures was formed into a formed body by a cold isostatic pressing method. 
It is noted that, in the case of additives having crystal water, the weights 
which did not include the weight of the crystal water were shovm. Each 
formed body was sintered in a common manner at 1900°C for 2 hours ia 
nitrogen atmosphere of atmospheric pressure to obtain an aluminum nitride 
sintered body. The density and the thermal conductivity of each obtained 
aluminum nitride sintered body are shown in Table 1. 
Example 2 

To an aluminum nitride powder with an average particle diameter of 
1.5 liin and an oxygen content of 1.8% were added predetermined parts by 
weight of a variety of kinds of sulfides as shown in Table 2 to obtain 
mixtures each in 100 parts by weight in total. Each of the resulting 
mixtures was formed into a formed body by a cold isostatic pressing method. 
It is noted that, in the case of additives having crystal water, the weights, 
which did not include the weight of the crystal water were shown. Each 
formed body was sintered by hot press at 1850*^C for 2 hours in nitrogen 
atmosphere of 300 kg/cm^ pressures to obtain an aluminum nitride sintered 
body. The density and the thermal conductivity of each obtsdned aluminum 
nitride sintered body are shown in Table 2. 



It is noted that the mairk * attached to the items of Tables 1 and 2 
shows comparative examples, the mark shows those for which two types 
of additives were added together, and the addition amounts shown in front 
are for the elements shown in front and those in rear are for those in rear. 
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Table 1 





Amount of 


Density 
(g/cm-^) 


Thermal 


Type of additive 


additive 


conductivity 




(p£irt by weight) 


(W/mK) 


*CaS 


0.005 


3.14 


80 


CaS 


0.02 


3.23 


118 


CaS 


1 • 


3.26 


131 


CaS 


3 


3.25 


120 


CaS 


8 


3.22 


98 


*CaS 


12 


3.01 


70 


MgS 


1 


3.15 


95 


SrS 


1 


3.24 


125 


BaS 


1 


3.21 


110 


Li2S 


1 


3.16 


95 


Na2S 


1 


3.14 


90 


K2S 


1 


3.18 


95 


AI2S3 


1 


3.15 


90 


Y2S3 


1 


3.28 


128 


La2S3 


1 


3.24 


122 


CezSz 


1 


3.24 


113 


CU7S 


1 


3.15 


90 


Cus 


1 


3.15 


90 


Ag2S 


1 


3.17 


85 


ZnS 


1 


3.15 


90 


Ca(SCN)2 


1 


3.26 


130 


Ba(SCN)2 


1 


3.25 


120 


LiSCN 


1 


3.22 


103 


KSCN 


1 


3.23 


92 


AgSCN 


1 


3.24 


98 


CuSCN 


1 


3.22 


102 


**CaS+Ca(SCN)2 


1+1 


3.25 


121 


**BaS+LiSCN 


1+0.2 


3.24 


117 


*CaCo3 


0 


3.20 


60 
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Table 2 





Amount of 


Density 
(g/cm2) 


Thermal 


TVpe of additive 


additive 


conductivity 




(part by weight) 


(W/mK) 


CaS 


1 


3.26 


182 


BaS 


1 


3.24 


164 


Li2S 


1 


3.23 


141 


Y2S3 


2 


3.26 


180 


La2S3 


3 


3.26 


171 


Ca(SCN)2 


1 


3.26 


176 


Ba(SCN)2 


1 


3.24 


152 


**CaS+Ca(SCN)2 


0.5+0.5 


3.26 


179 


**Bas+LiSCy 


0.5+0.5 


3.25 


174 


*CaF2 


1 


3.25 


120 


*None 




3.14 


60 
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( g/C ) 


(tf /«K) 


*CaS 


0.005 


3.14 


8 0 


Ca S 


0.02 


3.23 


1 1 8 


CaS 


1 


3.26 


1 3 1 


CsS 


3 


3.25 


1 2 0 


CaS 


8 


3.22 


98 


»CaS 


1 2 


3.01 


70 


NgS 




3.15 


9 S 


S rS 




3.24 


125 


BaS 




3.21 


1 1 0 


L )7 S 


I 


3.16 


85 


Na?S 




3.14 


90 


K?S 




3.18 


95 


Al?Sj 


) 


3.15 


90 


Y2S3 


1 


3.26 


128 


La? S3 


] 


3.24 


122 




j 


3.24 


113 






3.15 


9 0 


CoS 




3 ! 15 


90 


A«/S 




3.17 


95 


ZnS 




3.15 


90 


Ca(SCN)2 




3.2s 


130 


Ba(SCN)? 




3.25 


120 


L iSCN 




3.22 


109 


K5CN 




3.23 


92 


AgSCN 




3.24 


98 


CuSCN 




3.22 


102 


» »CaS*Ca(SCK)? 


1*1 


3.25 


121 


» »BaS*l iSCH 




3.2 4 


117 


tCaCOi 


1 


3.20 


80 
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CaS 
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BaS 
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24 


164 
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1 


3 


23 


14 1 


Y7S3 




■ ' 2 


3 


26 


180 


La; Si 




3 


3 


26 
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Ca(SCH)? 




1 


3 


28 


178 


Ba(SCK)7 




1 


3 


24 


152 


»«CaS+CB (SCH)? 


0 .5*0. 8 


3 


26 


179 


X »BaS*L i SCN 


0 . 5 ♦ 0 . 5 


3 


25 


174 


*CaF? 




1 


3 


25 


120 


*^ U 






3 


t4 


60 
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